A detailed pharmacokinetic analysis was performed with 47 children from Papua New Guinea with uncomplicated falciparum or vivax malaria treated with artesunate (ARTS) suppositories (Rectocaps) given in two doses of approximately 13 mg/kg of body weight 12 h apart. Following an intensive sampling protocol, samples were assayed for ARTS and its primary active metabolite, dihydroartemisinin (DHA), by liquid chromatography-mass spectrometry. A population pharmacokinetic model was developed to describe the data. Following administration of the first dose, the mean maximal concentrations of ARTS and DHA were 1,085 nmol/liter at 0.9 h and 2,525 nmol/liter at 2.3 h, respectively. The absorption half-life for ARTS was 2.3 h, and the conversion half-life (ARTS to DHA) was 0.27 h, while the elimination half-life of DHA was 0.71 h. The mean common volumes of distribution for ARTS and DHA relative to bioavailability were 42.8 and 2.04 liters/kg, respectively, and the mean clearance values relative to bioavailability were 6 and 2.2 liters/h/kg for ARTS and DHA, respectively. Substantial interpatient variability was observed, and the bioavailability of the second dose relative to that of the first was estimated to be 0.72. The covariates age, sex, and ␣-thalassemia genotype were not influential in the pharmacokinetic model development; but the inclusion of weight as a covariate significantly improved the performance of the model. An ARTS suppositories dose of 10 of 20 mg/kg is appropriate for use in children with uncomplicated malaria.
The artemisinin derivatives are potent antimalarial drugs (17, 30, 31) . Depending on the derivative, there are formulations that can be given by mouth, intravenous (i.v.) or intramuscular injection, or suppository (41) . Artesunate (ARTS), the synthetic hemisuccinate ester of its active metabolite, dihydroartemisinin (DHA), has the most potential as an intrarectal preparation because its high water solubility should facilitate absorption across the rectal mucosa. ARTS suppositories have been identified as having great promise, especially for the treatment of pediatric malaria (40) . They can be administered when a child cannot take oral therapy and/or when parenteral drug administration is not possible and have proved effective in adults (4, 28, 29) and children (13, 23, 25, 33) with uncomplicated malaria.
Although the therapeutic indices of the artemisinin derivatives appear to be high (16, 17, 30, 31) , there are still concerns that the neurotoxicity found in animal studies (8, 27 ) may occur in humans, especially children (21) . There is therefore a need for continued pharmacokinetic assessment of artemisinin formulations so that safe and effective regimens can be developed. Three published studies have reported pharmacokinetic data from studies with children with falciparum malaria treated rectally with ARTS, two from Africa (13, 25) and one from Thailand (34) . In two of those studies (13, 33) , only basic pharmacokinetic data were reported. A larger crossover study in which higher rectal and i.v. doses were used for the treatment of moderately severe falciparum malaria (25) generated absolute bioavailability data, but analysis of plasma DHA concentrations was possible only after the administration of a single dose. There is evidence that the pharmacokinetics of artemisinin derivatives change significantly with repeated dosing (3, 24, 32) , but this has not been assessed in the case of rectal ARTS.
The burden of malaria is significant in many Melanesian populations, especially among children. Given the limited health care infrastructure, ARTS suppositories represent an attractive therapeutic option in countries such as Papua New Guinea (PNG). However, the applicability of dose regimens developed in studies with other racial groups is uncertain. In addition, hemoglobin variants that result in conditions such as ␣-thalassemia and that may alter the dispositions and efficacies of artemisinin drugs (10, 20, 22, 34, 38) have a high prevalence in some Melanesian populations (1) . There have been no previous pharmacokinetic studies of rectal ARTS in patients with hemoglobinopathies.
In view of these considerations, we have investigated the pharmacokinetics of ARTS and DHA in PNG children who (i) had uncomplicated falciparum or vivax malaria, (ii) were from an area with a high prevalence of ␣-thalassemia, and (iii) received two doses of rectal ARTS 12 h apart.
MATERIALS AND METHODS
Patients. Details of the patients recruited to the present study have been published previously, together with the results of clinical and parasitological measures of response to rectal ARTS (23) . The study was conducted in Madang Province, an area on the north coast of PNG where Plasmodium falciparum is hyperendemic (9) , between March and May 2001. Children aged 5 to 10 years with a history of fever and a blood film positive for either P. falciparum or P. vivax were eligible for recruitment, provided that they (i) had no features of severe malaria (39), (ii) had not taken antimalarial drugs in the previous 28 days, (iii) did not have clinical evidence of another infection as a cause of fever, and (iv) had no history of diarrhea. Informed consent was obtained from a parent prior to recruitment.
Clinical procedures. The study was approved by the Human Research Ethics Committee of the University of Western Australia and the Medical Research Advisory Committee of PNG. All children recruited into the study were admitted to the provincial hospital for at least 24 h. An initial clinical assessment was performed, and blood was taken for baseline tests, including full blood count and plasma glucose level determination. A skilled microscopist confirmed the diagnosis of malaria, and the parasite density was calculated from the number of asexual forms per 1,000 leukocytes and the whole-blood leukocyte count.
ARTS was given per rectum at a dose of 10 to 15 mg/kg of body weight with the closest whole suppository. A combination of between one and four 50-and 200-mg Plasmotrim Rectocaps suppositories (Mepha Ltd., Aesch-Basel, Switzerland) was used to make up the total dose for each child. Suppositories were kept at room temperature and were removed from their airtight foil packaging immediately before use. They were administered base first without lubricant, and the exact time of administration was recorded. A second ARTS dose of 10 to 15 mg/kg was administered per rectum 12 h after administration of the initial dose. If the child passed a suppository within 1 h of administration, a repeat dose was administered. If the suppository was passed after 1 h, the child was withdrawn from the study and given chloroquine and sulfadoxine-pyrimethamine, in accordance with standard treatment recommendations in PNG.
Patients were assessed every 4 h by measurement of oral temperature, pulse rate, blood pressure, respiratory rate, and plasma glucose level. Urine output and conscious state were also assessed, and a blood sample for preparation of a thick film was taken at these times. Children who developed signs of complicated malaria at any time were to be withdrawn from the study and given intramuscular quinine, as recommended for complicated malaria in PNG. Each child received a standard course of sulfadoxine-pyrimethamine and chloroquine at 24 h after administration of the first dose of ARTS and was subsequently discharged when he or she was aparasitemic and afebrile. Pharmacodynamic outcomes, including fever clearance time (FCT) and parasite clearance time (PCT), have been described in detail elsewhere (23) .
A heparinized intravenous cannula was inserted into each child at the time of admission. A baseline sample of 3 ml of venous blood was taken; and further samples of 3 ml were drawn through the cannula at 1, 2, 3, 4, 6, 8, and 12 h after administration of the first dose and 2, 4, 8, and 12 h after administration of the second dose. Blood was collected and placed into fluoride-oxalate tubes that were then kept on ice for Ͻ30 min prior to centrifugation, and the separated plasma was stored and transported at ϽϪ20°C until it was analyzed.
Drug assays. ARTS, DHA, and artemisinin (QHS) reference standards were a gift from Col Brian Schuster (Walter Reed Army Institute of Research, Washington, D.C.). High-performance liquid chromatography-grade methanol and acetonitrile and analytical reagent-grade lithium hydroxide were obtained from Merck KGaA (Darmstadt, Germany). Acetic acid, butylchloride, and ethyl acetate were obtained from BDH Laboratory Supplies (Poole, United Kingdom). Deionized water was used in all buffers. Blood for the generation of standard curves was obtained from healthy volunteers and placed into fluoride-oxalate tubes. The separated plasma was stored at Ϫ80°C until it was assayed. Standard curves were prepared by spiking 1-ml aliquots of plasma with ARTS (130 to 2,080 nmol/liter), DHA (176 to 2,820 nmol/liter), and artemisinin (1 mg, as an internal standard) in methanol (0.1 ml). The plasma was then centrifuged at 14,000 ϫ g for 1 min to precipitate the proteins, and the supernatant was subjected to solid-phase extraction, as described previously (6) . The stability of ARTS and DHA in plasma during storage for up to 12 months has been demonstrated previously.
ARTS and DHA were analyzed by liquid chromatography-mass spectrometry (LC-MS) with an Agilent 1100 Series LC system (Aglient Technologies, Forest Hill, New South Wales, Australia). Analytes were resolved on a Zorbax SB-C8 column (adjusted to pH 4.8 with acetic acid), and 45% acetonitrile was pumped at 200 l/min. Aliquots of the plasma extracts (8 l) were injected onto the column, and eluting peaks were detected sequentially by detection of UV absorbance (210 nm) and by use of an MSD trap (1100 series; Agilent).
The mass spectrometer was operated by using electrospray ionization in the positive ion mode. ARTS and DHA both produced ion fragmentation patterns with one major ion at 245 m/z. On a molar basis, the intensity of the ion for DHA was approximately threefold that for ARTS. Artemisinin had major ions at 261 and 289 m/z, both with responses that were approximately 0.5 times those for DHA. Hence, analytes were quantified by single-ion monitoring in two separate windows, one (0 to 7 min) at 245 m/z to monitor ARTS and DHA and the other (7 to 13 min) at 261 m/z to monitor artemisinin. Nitrogen was used as the nebulizer gas at a pressure of 40 lb/in 2 and a vaporizer temperature of 325°C. The compound stability was set at 50%, and the trap drive level was set at 80%. Under these conditions, the approximate retention times for ARTS, ␣-DHA, ␤-DHA, and QHS were 3, 4, 5.4, and 7.9 min, respectively. The total analysis time for each run was 13 min.
Stock solutions of ARTS, DHA and QHS were prepared at 1 mg/ml in methanol and stored at Ϫ20°C. A 100-fold dilution of each stock solution (10 g/ml) was prepared as a working standard on each day. A four-point calibration curve (ARTS and DHA) was prepared for each sample batch (see above). ARTS and DHA were quantified by using the ratio of the peak area of the analyte to that of the internal standard. For ARTS, intraday relative standard deviations (RSDs) were 16.6, 11.2, and 3.3% at 130, 1,040, and 2,080 nmol/liter, respectively (n ϭ 5), while interday RSDs were 12.5, 14.3, 14.1, and 7.2% at 260, 520, 1,040, and 2,080 nmol/liter, respectively (n ϭ 5 to 7). For DHA, intraday RSDs were 11.8, 9.9, 7.5, 9.9, and 2.5% at 70, 176, 704, 1,408, and 2,816 nmol/liter, respectively (n ϭ 5), while interday RSDs were 13.5, 8.7, 6.6, and 6.3% at 176, 704, 1,408, and 2,816 nmol/liter, respectively (n ϭ 4 to 7). The limits of quantitation (RSD, Յ20%) and the limits of detection (three times the baseline) for the assay were 80 and 50 nmol/liter, respectively, for ARTS and 50 and 10 nmol/liter, respectively, for ␣-DHA.
␣-Thalassemia genotyping. Whole blood was collected in tubes with EDTA and assayed for the six common deletional variants of the two ␣-thalassemia genes by a single-tube multiplex PCR by the method described by Chong et al. (11) . On the basis of the results of the assay, each patient was classified as normal (homozygous wild type), heterozygous (one abnormal gene), homozygous (two copies of a single gene deletion type), or dual heterozygous (one copy each of two different gene deletion types).
Pharmacokinetic and statistical analyses. Plasma ARTS and DHA concentrations were analyzed by population pharmacokinetic analysis with the NONMEM program, version V (7). The results obtained with the NONMEM program were postprocessed and visualized by using PDx-Pop software (version 1.1; Globomax, Hanover, Md.). The data for DHA and four datum points for ARTS between the limits of detection and quantitation were allowed to remain in the analysis to assist with model stability. For covariate inclusion in the final population pharmacokinetic model, an increase of at least 6.63 points (P Ͻ 0.01) in the value of the approximate first-order objective function, as reported by the NONMEM program, was required.
RESULTS

Patient characteristics and clinical course.
A total of 48 children were recruited. One patient was excluded due to witnessed passage of the suppository 2 h after the commencement of treatment. Of the remaining 47 patients, 42 had falciparum malaria and 5 had vivax malaria. Their baseline characteristics, including ␣-thalassemia genotype, are summarized in Table 1 . The treatment was well tolerated, and no side effects attributable to the suppositories were reported. As reported previously (23), only one child had persistent parasitemia and only one had not defervesced by 24 h. These two children received intramuscular quinine and recovered uneventfully.
Pharmacokinetic analysis. Despite the high sensitivities of the assays, particularly of the assay for DHA, the levels of ARTS and DHA following administration of one of the two doses were undetectable in seven patients: four after the first dose and three after the second dose (including the child with persistent parasitemia at 24 h). All seven patients showed good absorption of the other dose. In the four patients with undetectable drug levels after the first dose, the mean time to a 90% reduction in the level of parasitemia from the baseline level (PCT 90 ) was 20.0 h, compared with 9.5 h for the 40 patients who had measurable drug levels after both doses (P ϭ 0.001).
Given the difficulties of close monitoring of the patients, it was suspected that these seven children extruded the suppository after administration without the knowledge of the investigators, and pharmacokinetic data for these seven patients were excluded from the analysis. ARTS concentrations were not available for 27 data sets due to difficulties with the LC-MS instrument setup and sensitivity and the fact that insufficient sample sizes were available to repeat these analyses. Overall, 43 first-dose and 44 second-dose DHA data sets and 19 firstdose and 19 second-dose ARTS data sets were available for pharmacokinetic analysis. Selection of a three-compartment structural model was guided by previous studies of the metabolic disposition (19, 26) and pharmacokinetics (5, 6, 12, 18) of ARTS and DHA in adults. The model comprises compartment 1 (the rectal absorption site), compartment 2 (the ARTS data set), compartment 3 (the DHA data set), and three rate constants, k 12 , k 23 , and k 30 . In keeping with knowledge of the metabolism of ARTS and DHA, conversion of ARTS to DHA (rate constant ϭ k 23 ) was assumed to be quantitative (26) , and irreversible elimination of DHA was assumed to occur from compartment 3 (rate constant ϭ k 30 ) (19) . Since each patient received two equal doses of ARTS 12 h apart, we incorporated a relative bioavailability term into the model, which was set at 100% for the first administration and which was estimated as a separate parameter for the second dose (FRAC). The dose (in nanomoles) was entered into the model for each patient. In addition, since the dose was administered rectally, model-derived estimates of both clearance (CL) and volume of distribution (V) were estimated relative to bioavailability (F). A total of 78 datum points were available for ARTS and 291 were available for DHA. These included 10 datum points for DHA and 4 datum points for ARTS between the limits of detection and quantitation.
The initial values for the fit were obtained by performing a naïve pooled estimate of all data against the model by using the SAAM II program (SAAM II Program and User Guide, version 1.2, 2000; SAAM Institute Inc., University of Washington, Seattle) with average values for the dose and the time of the second dose. The steps in model development were as follows. Base model 1 (parameters V 1 /F (ARTS), V 2 /F (DHA), and FRAC were assumed to be fixed effects in the population) consistently underestimated the predicted drug concentrations and, despite alterations such as the inclusion of a lag time, failed to adequately represent the data on the basis of standard criteria (objective function ϭ 5,972). Base model 2 (parameters V 1 /F, V 2 /F with random effects in the population, and FRAC, which was assumed to be a fixed effect in the population) marginally improved the overall objective function (5,790.6), but there was still a problem with model identifiability, particularly at higher concentrations, and estimates of V 2 /F and k 30 were poorly defined. Because of the latter, V 1 /F and V 2 /F were set equal in model 3 (proportional measurement error and constant coefficient of variation for between-subject variability); and this resulted in improved model identifiability, more robust parameter estimates, and a marginal improvement in the objective function (5,789.6).
In the final model, we investigated age, sex, ␣-thalassemia genotype, and weight as covariates. Only weight was influential, and its inclusion in the volume term [as (V/F ⅐ weight)/ median weight] resulted in a substantial improvement in the objective function (5,721.2) and overall model performance. The possibility that a "flip-flop" phenomenon occurred between k 12 and k 23 was considered during model development, but the order of magnitude of the value of k 23 was consistent with previously reported values (5, 6, 12) . The mean parameter estimates for the final model and the individual and residual variability factors for the model are summarized in Table 2 . Plots of model-predicted and observed ARTS and DHA concentration-time data are shown in Fig. 1 and 2 , respectively. For both drugs, the weighted residual values for the model plotted versus subject number were evenly and tightly distributed about zero (data not shown). Table 3 summarizes the individual pharmacokinetic parameters derived from post hoc Bayesian predictions and/or calculated from these by using standard pharmacokinetic equations (15) . Mean maximum concentrations in serum (C max ) and times to C max (T max ) for ARTS and DHA were simulated by use of the kinetic data from Table 3 . For ARTS a C max of 1,085 nmol/liter occurred at 0.9 h, and for DHA C max was 2,525 nmol/liter at 2.3 h. Consistent with the slow absorption of rectal ARTS, the mean ARTS-to-DHA conversion half-life (t 1/2 ; 16 min) was some five times greater than that in previous studies of oral or i.v. ARTS (2 to 4 min) (5, 6, 12) . Nevertheless, the elimination t 1/2 for DHA (43 min) was in the range of those found in previous studies of oral or i.v. ARTS (39 to 64 min) (5, 6, 12) . Data for four patients with P. vivax malaria were initially analyzed separately, but no statistically significant differences in any derived pharmacokinetic parameters from those for patients with P. falciparum malaria were seen, and the data were included together in the pooled analysis.
␣-Thalassemia status. The ␣-thalassemia genotypes of 46 patients were determined and were wild type (two normal genes) for 22% of the patients, heterozygous for one abnormal gene for 33%, and either homozygous or dual heterozygous for 46%. Comparison of pharmacodynamic outcomes (FCT, PCT, PCT 50 , and PCT 90 ) for each of these three groups by analysis of variance revealed no significant between-group variability.
DISCUSSION
The present study has provided novel data relating to the population pharmacokinetics of both ARTS and DHA in Melanesian children with a high prevalence of ␣-thalassemia mutations and from whom blood samples were obtained after both doses of rectal ARTS had been given 12 h apart. In one of every seven children, there was evidence that one of the doses was expelled soon after administration, but this did not result in any cases of early treatment failure (23) . For those for whom data for the 24-h sampling period were valid, the bioavailability of DHA was an average of 28% lower after the second dose than after the first dose. We found that ␣-thalas- c Omega, maximum-likelihood estimates of variances of between-subject variability. Note that V/F has no random effect since its variation is modeled only by the covariate weight.
d The 95% confidence interval includes zero. Our derived pharmacokinetic parameters are difficult to compare with those from previous studies with children with falciparum malaria performed by Halpaap et al. (13) and Sabchareon et al. (33) . The former group of investigators used a dose of rectal ARTS of only 1.2 to 2.2 mg/kg, given at 0 and 4 h, and determined C max and T max after the first dose (13) . The mean C max s of ARTS and DHA in plasma were 317 and 634 nmol/liter, respectively, and they occurred close to 1 h after drug administration. Given the proportionately lower dose used, these data are consistent with those observed in the present study. Of 12 subjects, 1 had very low concentrations after the first dose, implying that, as in the present study, the suppository had not been retained. In the Thai study (33) , pharmacokinetic analysis was performed with an undefined subset of 19 of 52 children who received 10 or 19 mg of rectal ARTS per kg once a day for 3 days; and C max , elimination t 1/2 , and the area under the concentration-time curve (AUC) from 0 to 12 h for DHA were derived. The mean C max , presumably after the first dose, was 2,382 nmol/liter, and the mean apparent elimination t 1/2 was 0.7 h. These values are similar to those observed in our children from PNG and, consistent with the findings of Halpap et al. (13) , show that peak plasma DHA concentrations are achieved promptly after drug administration. Krishna et al. (25) used doses of approximately 10 or 20 mg/kg in Ghanaian children with moderately severe malaria. The mean C max s of DHA were 2,400 and 3,100 mol/liter, respectively, in these two groups, with T max values just under 2 h in each group. As with the first two studies (13, 33) , these results are in accord with those for our PNG children. Krishna et al. (25) also reported an inverse relationship between dose and bioavailability. Krishna et al. (25) incorporated a lag time (means, 0.6 and 0.4 h for the low-and high-dose groups, respectively) into their one-compartment model, and the mean DHA absorption t 1/2 estimates for their patients were 0.7 and 1.1 h, respectively. These parameters describe the same processes as our absorption t 1/2 for ARTS (mean, 2.3 h) and t 1/2 for ARTS conversion to DHA (mean, 0.3 h), with the result being that the mean T max s for DHA in our patients (2.3 h) and in theirs (1.8 h) were similar. Values from our population model for V/F and CL/F (2.15 liters/kg and 2.25 liters/h/kg, respectively) were within the range of values for these two variables from the 26 subjects studied by Krishna et al. (25) (1.1 to 14.4 liters/kg and 1.0 to 22.3 liters/h/kg), although the values were toward the lower limit in each case. This most likely reflects the fact that our patients were older (mean ages, 7 and 4.1 years, respectively).
The similarity between the disposition of DHA after rectal administration of ARTS in our children from PNG and those in the study with Ghanaian children extends to the high interpatient variability in C max and AUC and, therefore, in F. The relative F of DHA after rectal ARTS administration compared with that after i.v. ARTS administration ranged from 6 to 131% in the study by Krishna et al. (25) , and it is likely that the same magnitude of variation would be found for the patients in the present study. This has implications for treatment. There is evidence that the therapeutic indices of the artemisinin derivatives are large (16, 17, 30, 31) , and so high rectal doses of ARTS (e.g., 20 mg/kg) should ensure therapeutic concentrations in plasma without the induction of unacceptable side effects in children with malaria.
Relative to the values of F after administration of the first dose of ARTS in the patients in the present study (F ϭ 1.0 or 100%), there was a significant decrease in F after administration of the second rectal dose in our children (mean, 0.73), and only 3 of the 41 patient data sets (7.3%) had a second-dose F Ͼ1.0 (F values, 1.08, 1.23, and 1.52, respectively) . Although the data were not presented, Krishna et al. (25) stated that there were no differences in pharmacokinetic parameters for highdose DHA suppositories given 12 h apart. However, the same investigators found a borderline (P ϭ 0.06) difference between DHA AUC values for i.v. doses at 0 and 12 h (25). In addition, a variety of studies have suggested a time-dependent reduction in the F values of artemisinin derivatives during treatment (3, 14, 32, 35) , including during the first few days of ARTS therapy (24) .
The reasons for the change in F between the first and second doses are unclear but may relate to changes in physiological factors. In the present study, a relatively high core body temperature at the time of the first dose may have led to greater rectal blood flow and better absorption of the drug compared to that after the second dose. Given the less frequent sampling schedule that we used following the second dose of ARTS, it was not practicable to analyze the pharmacokinetics of both doses separately. However, the induction of the metabolic clearance of ARTS or DHA is less likely in our view because their metabolic pathways (hydrolysis [26] and glucuronidation [19] , respectively) are unlikely to change acutely. Nevertheless, there is clear evidence for the induction of ARTS metabolism during repeated administration of an oral or rectal dose (18, 42) , largely as a result of CYP2B6 induction (36) .
The high prevalence of ␣-thalassemia in the region of PNG where the children in the present study live was confirmed, with 78% of our sample having at least one abnormal ␣-thalassemia gene and 46% being either homozygous or dual heterozygous for abnormal genes. In non-malaria parasite-infected volunteers with thalassemia, Ittarat et al. (20) found that the mean AUC of ARTS plus DHA measured by bioassay after i.v. administration of ARTS was 9-fold higher and that the value of V at steady state was 15-fold lower than the values measured in healthy subjects. These findings were attributed to the accumulation of ARTS derivatives in thalassemic erythrocytes (22) or perhaps to differences in ARTS metabolism in thalassemic subjects. During the model-building process, we attempted to improve the description by using the ␣-thalassemia genotype as a covariate of V/F. However, this did not alter V/F significantly or decrease its variability, and between-subject variability was also unchanged. There may be other factors relating to malaria infection itself that explain the differences between our results and those of Ittarat et al. (20) , but the scope of their investigation was beyond that of the present study.
In vitro studies have demonstrated markedly increased 50% inhibitory concentrations of artemisinin drugs in parasite cultures with thalassemic red blood cells (10, 22, 34, 37, 38) . The determinants of reduced parasite susceptibility to artemisinin drugs in thalassemic cells remain unclear but may relate to competitive uptake and inactivation of drug by thalassemic host cell components, the abnormal hemoglobin itself (38) , erythrocyte membrane-bound heme (37) , or alterations in oxidative stress within parasitized thalassemic erythrocytes (34) . Whether these findings have relevance in vivo is unclear, as we found no influence of thalassemia mutations on PCT or FCT. The present findings, coupled with the lack of observed toxicity and excellent clinical efficacy in this population, are reassuring for the future use of artemisinin derivatives in Melanesian and other populations with a high prevalence of this common hemoglobin variant.
Analysis of patients treated with oral ARTS suggests that a dose-parasite clearance response relationship may exist for DHA at concentrations of up to 1,400 nmol/liter (2) . Present manufacturer and World Health Organization guidelines recommend a rectal dose of 5 mg/kg (41) . We believe that an initial regimen of two 10-to 20-mg/kg doses 12 h apart is justified on the basis of the pharmacokinetic and dynamic data from the present and other studies, present knowledge of the dose-response relationships of artemisinin drugs, the wide variability in the values of F for ARTS suppositories, and the fact that the toxic threshold is very unlikely to be exceeded. However, larger-scale safety and cost-effectiveness studies are warranted before high-dose rectal ARTS can be recommended widely.
